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(54) Fluorescent whitening of paper. 

(57) Accordingly, the present invention provides a method for the fluorescent whitening cf paper 
comprising contacting the paper surface with a coating composition comprising a fluorescent 
whitening agent having the formula : 
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wherein M is hydrogen, an alkali metal, preferably sodium, ammonium or magnesium: or axnprsing 
contacting the paper in the size press with a combination of the compound of formula (1) and an 
auxiliary selected from a sequestering agent and a dispersing agent and/or an emulsifier. 
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The present invention relates to a method for the fluorescent whitening of paper surfaces using a specific 
bis-stilbene whitening agent. 

The stilbene class of stilbene fluorescent whitening agents is widely used in the paper industry but fre- 
quently suffers from inadequate bleed fastness to water when used in coating compositions. 

5 In GB-A-1 247 934, there is described a wide range of bis-stilbene compounds, including the compounds 

of formula (1), as defined herein. This reference also describes the use the said compounds for the fluorescent 
whitening of paper, but only in the mass or in the size press, without the use of auxiliaries, and not for the surface 
coating of paper using a pigmented coating composition. Moreover, in GB-A-2 026 566 and GB-A-2 026 054, 
there is described the use of a wide range of stilbene fluorescent whitening agents containing a sulfo group, 

10 including the compounds of formula (1 ), in pigmented surface coatings for the surface coating of paper. How- 
ever, it is an essential feature of these disclosed processes, that a solution of the said compounds, in specific 
solvents, namely oxyalkylated fatty amines (GB-A-2 026 566) or lactams (GB-A-2 026 054), must be used to 
prepare the respective fluorescent formulations employed in the production of the paper coating compositions. 
Surprisingly, it has now been found that one specific bis-stiibene fluorescent whitening agent, when used 

15 in paper coatings, or in the size press with specific auxiliaries, provides a high fluorescent whitening effect at 
very low use levels, combined with a whole range of other properties which are desired for paper coating ap- 
plications, such as improved bleed fastness to water. No special solvents are necessary for the formulation 
of the fluorescent whitening agent. 

Accordingly, the present invention provides a method for the fluorescent whitening of paper comprising 

20 contacting the paper surface with a coating composition comprising a fluorescent whitening agent having the 
formula: 



25 




30 wherein M is hydrogen, an alkali metal, preferably lithium, sodium or potassium, ammonium or magnesium; or 
comprising contacting the paper in the size press with a combination of the compound of formula (1) and an 
auxiliary selected from a sequestering agent and a dispersing agent and/or an emulsifier. 

In one preferred aspect, the present invention provides a method for the fluorescent whitening of a paper 
surface, comprising contacting the paper surface with a coating composition comprising a white pigment; a 
35 binder dispersion; optionally a water-soluble co-binder; and 0.01 to 2 % by weight, based on the white pigment, 
of a fluorescent whitening agent having the formula (1). 

As the white pigment component of the coating composition used according to the method of the present 
invention, there are preferred inorganic pigments, e.g., aluminium or magnesium silicates, such as Cnina clay 
and kaolin and, further, barium sulfate, satin white, titanium dioxide , calcium carbonate (chalk) or talcum; as 
40 well as white organic pigments. 

The coating compositions used according to the method of the present invention may contain, as birder, 
inter alia, plastics dispersions based on copolymers of butadiene/styrene, acrylonitrile/butadiene/styrene. ac- 
rylic acid esters, acrylic acid esters/styrene/acrylonitrile, ethylene/vinyl chloride and ethylene/vinyl acetate; 
or homopolymers. such as polyvinyl chloride, polyvinyl idene chloride, polyethylene and polyvinyl aceta:e or 
45 polyurethanes. A preferred binder consists of styrene/butyl acrylate or styrene/butadiene/acryiic acid cc:oly- 
mers or styrene/butadiene rubbers. Other polymer latices are described, for example, in U.S. Patent Specifi- 
cations 3,265,654, 3,657,1 74, 3,547,899 and 3,240,740. The fluorescent brighten er formulation is incorporated 
into these binders, for example, by means of melt emulsif ication. 

The optional water-soluble co-binder may be, e.g., soya protein, casein, carboxyrnethylcellulose. natural 
so or modified starch or, especially, polyvinyl alcohol. The preferred polyvinyl alcohol co-binder component may 
have a wide range of saponification levels and molecular weights; e.g. a saponification level ranging from 40 
to 100; and an average molecular weight ranging from 10,000 to 100,000. 

Recipes for such known coating compositions for paper are described, for example, in J.P. Casey °ulp 
and Paper"; Chemistry and Chemical Technology, 2nd edition, Volume III, pages 1684-1649 and in "^ul; and 
55 Paper Manufacture", 2nd and 5th edition, Volume II, page 497 (McGraw-Hill). 

The coating compositions used according to the method of the present invention preferably contain '0 to 
70 % by weight of a white pigment The binder is preferably used in an amount which is sufficient to mahe the 
dry content of polymeric compound up to 1 to 30 % by weight preferably 5 to 25 % by weight, of the *hite 
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pigment The amount of fluorescent brightener preparation used according to the invention .s calculated so 
that the fluorescent brightener is preferably present in amounts of 0.01 to 1 % by weight, more preferably 0.05 
to 1 % by weight, and especially 0.05 to 0.6% by weight, based on the white pigment. 

The fluorescent whitening agent of formula (1 ). for use in the method of the present invention, is formulated 
as an aqueous liquid product, either as an aqueous dispersion or as an aqueous solution. 

When formulated as an aqueous dispersion (slurry), the formulation preferably contains customary anionic 
or cationic and/or non-ionic emulsifiers and/or dispersing agents as the dispersing agents and/or emulsifiers. 
preferably in amounts of 2-20 %. in particular 5-10 %. based on the weight of fluorescent brightener. 

Examples of anionic emulsifiers which may be mentioned are: 

Carboxvlic acids and their salts, such as the sodium, potassium or ammonium salts of laur.c. stearic or 
oleic acid, acylation products of aminocarboxylic acids and their salts, for example the sodium salt o o eoyl- 
sarcoside. sulfates, such as fatty alcohol sulfates, for example lauryl sulfate and coconut sulfate sulfates of 
hvdroxv fatty acid esters, for example sulfated castor oil. and of fatty acid hydroxyalkylam.des. for example 
sulfatedcoconutoilacide^^ 

such as sulfated oleic acid mcnog.yceride or g.ycerol ether-sulfates. and furthermore sulfates of ■ aubat tu ed 
polyglycol ethers, for example nonylphenyl polyglycol ether sulfate, sulfonates, such as primary and secondary 
alky.sulfonates, for examp.e C 12 -C 16 paraff insu.fonic acids and sodium salts thereof, a.k y 
radicals bonded in amide or ester form, such as oleylmethyl-tauride. and sulfonates of polycarboxylic acid es- 
ters such as diisooctylsulfato-succinic acid esters; and furthermore those with aromatic groups such as al- 
kylbenzene. for example dodecylbenzene-. alkylnaphthalene-, such as dibutylnaphthlene, and alkylbenzimi- 
dazole, such as tetradecylbenzimidazole-sulfonates. 

Examples of non-ionic emulsifiers which may be mentioned are: 

Esters and ethers of polyalcohols. such as alkyl polyglycol ethers, for example lauryl alcohol or oleyl al- 
cohol polyethylene glycol ethers, acyl polyglycol ethers, such as oleic acid polyglycol ether, alkylary po yg yco 
ethers such as the ethoxylation products of nonyl- and dodecylpheno., acy.ated amino-alkano. polyglycol 
ethers', and furthermore the known non-ionic surfactants which are derived from fatty amines, such as stear- 
vlamine fatty acid amides or sugars and derivatives thereof. 

The anionic dispersing agents are the customary dispersing agents, for example condensat ,on| products 
of aromatic sulfonic acids with formaldehyde or ligninsulfonates, for example the compounds obtainable under 
the description of sulfite waste liquor. However, naphthalenesulfonic acid/formaldehyde condensate prod- 
ucts and especially ditolyether sulfonic acid/formaldehyde condensation products are particularly sutable. 
Mixtures of these dispersing agents can also be used. 

Non-ionic dispersing agents which may be mentioned are the ethylene ox.de adduc a o ' *e da« of ad 
dition products of ethylene oxide on higher fatty acids, saturated or unsaturated fatty alcohols ^rcaptens 
fatty acid amides, fatty acid alkylolamides or fatty amines or alkylphenols or a.kylth phenols having ^Heas 
7 carbon atoms in the alkyl radical, and furthermore ricinoleic acid esters or hydroxyabietyl alcohol. Some of 
the ethylene oxide units can be replaced by other epoxides, for example styrene oxide or. in particular, pro- 
pylene oxide. 

Ethylene oxide adducts which may be mentioned specifically are: 

a) reaction products of saturated and/or unsaturated fatty alcohols having 8 to 20 C atoms with 20 to 100 
mol of ethylene oxide per mo! of alcohol; . f . lu 

b) reaction products of alkylphenols having 7 to 1 2 C atoms in the alky, radical with 5 to 20 mol. preferably 
8 to 15 mol, of ethylene oxide per mol of phenolic hydroxyl group; 

c) reaction products of saturated and/or unsaturated fatty amines having 8 to 20 C atoms with 5 to .0 mol 
of ethylene oxide per mol of amine; 

d) reaction products of saturated and/or unsaturated fatty acids having 8 to 20 C atoms with 5 to 20 mol 
of ethylene oxide per mol of fatty acid; 

e) a reaction product of 1 mol of ricinoleic acid ester and 15 mol of ethylene oxde; 

f) a reaction product of 1 mol of hydroxyabietyl alcohol and 25 mol of ethylene ox.de; 

Mixtures of the ethylene oxide adducts according to a) to 0 with one another can also be used. Thes- nw- 
tures are obtained by mixing individual reaction products or directly by ethoxylation of a mixture of the com- 
pounds on which the adducts are based. An ethoxylated nonylphenol is preferably used. 

Possible cationic dispersing agents are, for example, quaternary fatty amine polyglycol ethers. 

The fluorescent brightener formulation for use in producing the coating compos.ton can, in addrtor. also 
contain 45-95 % of water and optionally preservatives and foam suppressants. 

When thefluorescentwhitening agent of formula (1) is formulated as a co^ 
of the fluorescent whitener is 30 wt. % or higher.e.g. 60 wt. %. the aqueous ^^^TciT^ 
binder dispersion; an optional water-soluble cc-binder; a stabiliser such as xanthan cr carboxymethytcell Jose. 
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0.01 to 1 wt. % of an anionic polysaccharide or polysaccharide mixture; 0.2 to 20 wt. % of a dispersing agent, 
each based on the total weight of the aqueous formulation; and optionally further additives. 

The anionic polysaccharide used may be a modified polysaccharide such as those derived from cellulose, 
starch or from heteropolysaccharides, which may contain further monosaccharides, e.g. mannose or glucor- 
5 onic acid, in the side-chains. Examples of anionic polysaccharides are sodium alginate, carboxymethylated 
guar, carboxymethylcellulose, carboxymethylstarches, carboxymethylated carob bean flour and, especially, 
xanthan, or mixtures of these polysaccharides. 

The amount of polysaccharide used preferably ranges from 0.05 to 0.5, especially from 0.05 to 0.2 wt. %, 
based on the weight of the formulation. 
w Dispersing agents used may be anionic or nonionic and are preferably those indicated previously herein 

in relation to aqueous dispersions of the compounds of formula (1). 

The content of the dispersing agent preferably ranges from 0.1 to 10 wt. %, especially from 0.2 to 5 wt. 
%, based on the total weight of the formulation. 

Further additives which may be present in the aqueous slurry formulations include stabilising agents such 
15 as chloracetamide, triazine derivatives or benzoisothiazolines; Mg/AI silicates such as bentonite, montmoril- 
lonite, zeolites and highly-dispersed silicas; odour improvers; and antifreezes such as propylene glycol. 

In some circumstances, such concentrated formulations can lead to problems of storage stability. One pre- 
ferred method of combatting this problem is the use, as the fluorescent whitening agent of formula (1), of a 
hydrate of formula: 

20 




.xH20 (2) 



in which x is a number from 1 to 20, preferably 1,3,5,7,8,9,10,11,12,13,14 or 15. Of particular interest are the 
hydrates of the platelet (p) crystal form having the formula (2) in which x is 10,11 or 12; hydrates of the rodlet 
(i- orj-) crystal form having the formula (2) in which x is a number between 7 and 12; mixtures of the i- and j- 
30 rodlet forms; or mixtures of any two or more of these crystal forms. Each of these crystal forms, or mixture 
thereof, has a specific X-ray diffraction diagram, as shown in the following Tables I to IV. 
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Table 1 : 



Hydrate of 4,4 , -bis-(2-sulfostyryl)-biphenyt-disodium salt in the 
platelet (p) crystal form 


d-Value( A ) 


Intensity 


d-Value( A ) 


Intensity 


17.9 


weak 


3.77 


moderate 


1^ ft 
I o.o 


verv weak 


3.65 


very strong 


9.3 


moderate 


3.58 


weak 


9.0 


very weak 


3.51 


strong 


7.7 


weak 


3.41 


very weak 


7.5 


very weak 


3.35 


weak 


7.3 


very weak 


3.21 


moderate 


6.9 


very weak 


3.19 


strong 


6.3 


weak 


3.14 


weak 


fi 1 

O. 1 




3.07 


weak 


5 75 


very strong 


3.05 


weak 


5.60 


weak 


3.03 


weak 




Qtrnnn 

oil ui ly 


3.02 


very weak 




vprv weak 


2.98 


weak 


5.04 


strong 


2.96 


very weak 


4.81 


strong 


2.90 


moderate 


4. fi7 


weak 


2.88 


weak 


4.55 


weak 


2.85 


very weak 


4.50 


very weak 


2.78 


very weak 


4.35 


moderate 


2.68 


weak 


4.12 


weak 


2.65 


moderate ] 


4.00 


very weak 


2.62 


weak 

i 


3.90 


strong 


2.56 


very weak 


3.85 


strong 
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Table 2: 



Hydrate of 4,4'-bis-(2-sulfostyryl)-biphenyl-disodium salt in the 
rodlet(i) crystal form 




Intensitv 


d-Va!ue( A ) 


Intensity 


4 Q C 


very weaiv 


4.49 


very weak 


12.1 


weak 


4.43 


weak 


9.3 


very weak 


4.37 


very weak 


9.0 


very wed* 


4.25 


weak 


8.8 


very weak 


4.17 


weak 


7.2 


weak 


4.00 


very weak 


6.8 


weak 


3.95 


moderate 


6.7 


very sirong 


3.93 


weak 


6.4 


moaeraie 


3.86 


moderate 


5.97 


mooeraie 


3.73 


weak 


D. to 


very weaK 


3.68 


weak 


5.71 


weak 


3.63 


weak 


5.35 


weak 


3.59 


weak 


5.07 


moderate 


3.38 


very weak 


4.90 


very weak 


3.32 


weak 


4.84 


very strong 


3.30 


weak 


4.79 


strong 


3.19 


very weak 


4.53 


very weak 


3.00 


very weak 
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Table 3: 





Hydrate of 4,4'-bis-(2<su!fostyryl)-biphenyl-disodium salt in the 






rodlet(j) crystal form 




5 


d-Value( A ) 


Intensitv 


d-Value( A ) 


Intensity 




19.8 


very weak 


H.I d 


very strong 




11.1 


moderate 


A R9 


weak 


10 


7.0 


weak 




strong 




6.9 


very strong 


A AC\ 


weak 




6.4 


strong 




very weak 


15 


6.3 


weak 




very weak 




6.0 


very weak 


a on 


strong 




5.88 


weak 


4.11 


strong 


20 


5.71 


weak 


3.88 


weak 




5.63 


moderate 


O.OvJ 


moderate 




5.55 


weak 


3.75 


moderate 


25 


5.29 


weak 


3.69 


moderate 




5.17 


very weak 


3.32 


very weak 




5.13 


weak 


3.25 


weak 


30 


5.01 


strong 


3.11 


weak 




4.95 


moderate 


3.05 


weak 




4.86 


very weak 
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Table 4: 



Mixture of the Hydrates of 4,4 , -bis-(2-su!fostyryl)-bipheny!-disodium 
salt in the rodlet(i- and j) crystal forms 



H-Valuef A \ 


Intensity 


d-Value( A) 


Intensity 


19.7 


weak 


4.60 


strong 


18.7 


weak 


4.48 


very weak 


11.1 


moaeraie 


4.40 


weak 


7.0 


weak 


4.37 


very weak 


6.9 


strong 


4.26 ' 


weak 


6.6 


very strong 


4.21 


strong 


6.4 


vci y s>u uny 


4.12 


strong 


6.3 


weak 


3.87 


strong 


5.93 


/Hrnarn mrvi 


3.75 


moderate 


5.71 


rnQOcidic 


3.69 


moderate 


5.64 


moaerait; 


3,63 


very weak 




weak 


3.59 


very weak 


5.30 


IllUUcl ale 


3.37 


very weak 


5.13 


weak 


3.32 


weak 


5.06 


moderate 


3.30 


weak 


5.01 


very strong 


3.25 


weak 


4.96 


moderate 


3.18 


very weak 


4.84 


(broad) strg. 


3.12 


very weak 


4.79 


strong 


3.06 


very weak 


4.73 


strong 







Th<* hvdrates of formula (2) and their production are described in EP-A-0 577 557. 

Xesplc to aqueous solution formulations of the compounds of formu.a (1), the solvent used . pre- 
ferabT ombination of a po.yethyleneg.yco. of molecular we*h, of 300 or above, an a ^ 
pyleneglycol. In such solution formulations, the amount of fluorescent wh,tener of ^^J^JSE 
from 5 to 30 especially from 1 0 to 25 wt % ; the polyethyleneglycol preferably ranges from 10 to 50. es.eciaH, 
from 15 to 4^ %; and the propyieneglyco, from 10 to 35. espedaHy from 15 to 30 wt. %. each basec on the 
total weiaht of the aqueous formulation. . . 

The coaS composition used in the method according to the invention can be prepared by m,x,ng tre com- 
ponents in a "desired sequence at temperature from 10 to 100-C. preferably 20 to 80 C The components 
here also^nclude the customary auxiliaries which can be added to regu.ate the rheo.oc.ca. P"»P«**"" 

viscosity or water retention capacity, of the coating composes. Such auxi.iar.es are. for a ra 

binders such as starch, casein, protein or gelatin, cellulose ethers, such as carbcxyalkylcellulose or ,ydrox 

y^llu o e a gTnic acid, alginates. po,yethy.ene oxide or polyethylene oxide alky, ethers 
STe oxide and propylene oxide, polyvinyl alcohol, water-soluble condensate products of forma.ehyde 
with urea or melamine, polyphosphates or polyacrylic acid salts. w^tiv oaoer 

The coating composition used according to the method of the present mvent.cn .s used for coat,, >3 paper 
or special papers such as cardboard or photographic papers. 
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The coating composition used according to the method of the invention can be applied to the substrate 
by any conventional process, for example with an air blade, a coating blade, a brush, a roller, a doctor blade 
or a rod, or in the size press, after which the coatings are dried at paper surface temperatures in the range 
from 70 to 200°C, preferably 90 to 130°C, to a residual moisture content of 3-8 %, for example with infra-red 
5 driers and/or hot-air driers. Comparably high degrees of whiteness are thus achieved even at low drying tem- 
peratures. 

By the use of the method according to the invention, the coatings obtained are distinguished by optimum 
distribution of the dispersion fluorescent brightener over the entire surface and by an increase in the level of 
whiteness thereby achieved, by a high fastness to light and to elevated temperature (e.g. stability for 24 hours 
w at 60-1 00°C.) and excellent bleed-fastness to water. 

In a second preferred aspect, the present invention provides a method for the fluorescent whitening of a 
paper surface comprising contacting the paper in the size press with a solution or dispersion of 0.01 to 2 % 
by weight, based on the weight of the paper, of the compound of formula (1) and 1 to 20 % by weight, based 
on the weight of the solution or dispersion, of an auxiliary selected from one or more sequestering agents, 
15 preferably ethylenediaminetetraacetic acid, nitrilotriacetic acid, diethylenetriaminepentaacetic acid or a poly- 
acrylic acid, and a dispersing agent and/or an emulsif ier. The dispersing agent and/or emulsif ier used may be 
any of those indicated herein in relation to paper coating compositions used according to the present invention, 
nonionic emulsifiers such as ethoxylated phenols, e.g. ethoxylated phenylphenol, being preferred. 

Further, the aqueous fluorescent whitener formulations used according to the method of the present in- 
20 vention have the following valuable properties: low electrolyte content; low charge density; trouble-free incor- 
poration into brush-on colours; no interaction with other additives; low interference by cationic auxiliaries; and 
excellent compatibility with and resistance to oxidising agents and peroxy- containing bleach residues. 

The following Examples further illustrate the present invention. Parts and percentages shown therein are 
expressed by weight, unless indicated otherwise. 

25 

Example 1 

A) Dispersion of the Fluorescent Whitener 
30 30 wt.% of the fluorescent whitener of the formula: 



35 




(101); 



1.0 wt.% of the condensation product of a ditolylethersulfonic acid and formaldehyde: 
0.2 wt.% of chloracetamide; 
40 0.1 wt.% of an anionic polysaccharide; and deionised water to 100 wt.%, are blended and 
homogenised, with stirring, at 20°C. 

B) Preparation of the Coating Composition 

45 The following formulation is made up: 

20 parts of a commercial clay (Clay SPS); 
80 parts of a commercial calcium carbonate (Hydrocarb 90); 

18 parts of a commercial 50% dispersion of a styrene/butyl rubber latex (Dow Latex 955); 

0.5 part of a commercial polyvinyl alcohol (Mowiol 4-98); 
so 0.5 part of carboxymethylcellulose (Finnf ix 5); 

0.3 part of a polycarboxyiic acid dispersant(Polysalz S); and 

0.5 part of a commercial 65% melamine/formaldehyde precondensate (Protex M3M). 

Sufficient of the dispersion of Example 1(A) is then added to provide 0.2 part of the fluorescent whitener 

of formula (101). The content of the dry substance in the coating composition is adjusted to 60% and the pH 
55 is adjusted to 9.5 using NaOH. 
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C) Application of the Coating Composition to Paper 

Commercial base paper of LWC (light weight coated) quality, having a weight per unit area of 39g/n> 2 , a 
content of mechanical wood pulp of 50% and a whiteness of R4 57 = 70.9 (Reflectance 457nm). is coated in a 
5 Dow laboratory coater. The drying is effected with hot air at a temperature of 195-200°C. until the moisture 
content is constant at about 7% by weight, under standard conditions. The coating weight, after acclimatisation, 
(23°C.,50% relative humidity), is 12.5 plus or minus 0.5 g/m 2 . 

The Ganz whiteness of the paper so coated is found to be 88.9 using a colorimeter (Zeiss RFC 3). The 
Ganz method is described in detail in the article "Whiteness Measurement" ISCC Conference on Fluorescence 
to and the Colorimetry of Fluorescent Materials, Williamsburg, Feb.1872, published in the Journal of Colour and 
Appearance, 1, No. 5 (1972). 

When the procedure is repeated using a coating composition containing no fluorescent whitening agent 
of formula (101), the Ganz whiteness of paper so coated is only 37.7. 

15 Example 2 

A) Dispersion of the Fluorescent Whitener of Example 1 

The procedure described in step A) of Example 1) is repeated. 

20 

B) Preparation of the Coating Composition 

The following formulation is made up: 

70 parts of a commercial talc (Finntalk C10); 
25 30 parts of a commercial calcium carbonate (Hydrocarb 90); 

18 parts of a commercial 50% dispersion of a styrene/butyl rubber latex (Dow Latex 955); 

0.5 part of a commercial polyvinyl alcohol (Mowiol 4-98); 

0.5 part of carboxymethylcellulose (Finnf ix 5); 

0.3 part of a polycarboxytic acid dispersant(Polysalz S); and 
30 0.5 part of a commercial 65% melamine/formaldehyde precondensate (Protex M3M). 

Sufficient of the dispersion of Example 1(A) is then added to provide 0.2 part of the fluorescent whitener 

of formula (101). The content of the dry substance in the coating composition is adjusted to 60% and the pH 

is adjusted to 9.5 using NaOH. 

35 C) Application of the Coating Composition to Paper 

The procedure according to step C) of Example 1) is repeated. 

The Ganz whiteness of the paper so coated is 92.8. When the procedure is repeated using a coating com- 
position containing no fluorescent whitening agent of formula (1 01 ), the Ganz whiteness of the paper so coated 
40 is only 40.1. 

Example 3 

A) Dispersion of the Fluorescent Whitener of Example 1 

45 

The procedure of step A) of Example 1 is repeated. 

B) Preparation of the Coating Composition 

50 The following formulation is made up: 

80 parts of a commercial clay (Clay SPS); 
20 parts of a commercial calcium carbonate (Hydrocarb 90); 

10 parts of a commercial 50% dispersion of a styrene/butyl rubber latex (Dow Latex 955); 
0.5 part of a commercial polyvinyl alcohol (Mowiol 4-98); 
55 0.3 part of a polycarboxylic acid dispersant(Polysalz S); and 

0.5 part of a commercial 65% melamine/formaldehyde precondensate (Protex M3M). 

Sufficient of the dispersion of Example 1(A) is then added to provide 0.2 part of the fluorescent whi:ener 
of formula (101). The content of the dry substance in the coating composition is adjusted to 60% and the pH 

10 
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is adjusted to 9.5 using NaOH. 

C) Application of the Coating Composition to Paper 

5 The procedure of step C) of Example 1 is repeated. 

The Ganz whiteness of the paper so coated is 69.5 compared a Ganz whiteness of 37.2 for paper coated 
with a coating composition containing no fluorescent whitener of formula (101). 

Example 4 

10 

A) Dispersion of the Fluorescent Whitener of Example 1 

The procedure of step A) of Example 1 is repeated. 

15 B) Preparation of the Coating Composition 

The following formulation is made up: 
80 parts of a commercial clay (Clay SPS); 
20 parts of a commercial calcium carbonate (Hydrocarb 90); 
20 10 parts of a commercial 50% dispersion of a styrene/butyl rubber latex (Dow Latex 955); 
0.3 part of a polycarboxylic acid dispersant(Polysalz S); and 
0.2 part of a commercial polyvinyl alcohol (Mowiol 4-88); 

Sufficient of the dispersion of Example 1(A) is then added to provide 0.2 part of the fluorescent whitener 
of formula (101). The content of the dry substance in the coating composition is adjusted to 60% and the pH 
25 is adjusted to 9.5 using NaOH. 

C) Application of the Coating Composition to Paper 

The procedure of step C) of Example 1 is repeated. 
30 The Ganz whiteness of the paper so coated is 60.7 compared a Ganz whiteness of 29.7 for paper coated 

with a coating composition containing no fluorescent whitener of formula (101). 

Example 5 

35 The following aqueous solution formulation of the compound of formula (1) is made up: 

20 parts of the compound of formula (101); 

25 parts of polyethylene glycol having a molecular weight of 600 (PEG 600); 
30 parts of propylene glycol; and 
0.3 part of a polycarboxylic acid dispersant(Polysalz S). 
40 The formulation is stable for at least one week at 0°C. and at 20°C. 

When used to prepare a coating composition as in step B) of any of Examples 1 to 5, and the resulting 
coating composition is then used to coat paper as in step C) of Example 1, excellent Ganz whiteness rat ngs 
of the paper so coated are obtained. 

45 Example 6 

The following aqueous solution formulation of the compound of formula (1) is made up: 
20 parts of the compound of formula (101); 

25 parts of polyethylene glycol having a molecular weight of 600 (PEG 600);and 
50 35 parts of propylene glycol. 

The formulation is stable for at least one week at 0°C. and at 20°C. 

When used to prepare a coating composition as in step B) of any of Examples 1 to 5, and the resuting 
coating composition is then used to coat paper as in step C) of Example 1 , excellent Ganz whiteness ratings 
of the paper so coated are obtained. 

55 

Example 7 



The following aqueous solution formulation of the compound of formula (1) is made up: 
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20 parts of the compound of formula (101); 

25 parts of polyethylene glycol having a molecular weight of 1500 (PEG 1500);and 
30 parts of propylene glycol. 

The formulation is stable for at least one week at 0°C. and at 20°C. 
5 When used to prepare a coating composition as in step B) of any of Examples 1 to 5, and the resulting 

coating composition is then used to coat paper as in step C) of Example 1, excellent Ganz whiteness ratings 
of the paper so coated are obtained. 

Example 8 

w 

A) Dissolution of the Fluorescent Whitener 

The following solution formulation of the compound of formula (1) is made up: 

10 parts of the compound of formula (101); 

15 12.5 parts of polyethylene glycol having a molecular weight of 1500 (PEG 1500); 
25 parts of propylene glycol; and 
1.6 parts of nitriloacetic acid. 

The formulation is stable for at least one week at 20°C. 

20 B) Application of the Fluorescent Whitener Solution to Paper 

A commercial wood-free raw paper is used having a weight per unit area of 90g/m 2 and which has been 
mass-sized with rosin size and alum at pH 5.0. It is impregnated in the size press with an aqueous solution 
containing anionic starch (8% Perfectamyl A 4692) and the solution of Example 9(A) in water of 10° German 
25 Hardness. The liquor uptake is 35% and the use concentration of the compound of formula (101) is 6g/l.» as 
active substance. 

The Ganz whiteness of the paper so treated is 214, whereas paper treated in an identical manner with a 
slurry according to Example 1(A) has a Ganz whiteness of only 170. 

30 Example 9 

A) Dissolution of the Fluorescent Whitener 

The following solution formulation of the compound of formula (1) is made up: 
35 10 parts of the compound of formula (101); 

12.5 parts of polyethylene glycol having a molecular weight of 1500 (PEG 1500); 
25 parts of propylene glycol; and 

4.5 parts of polyacrylic acid [Acrysol LMW 20 (50% solution)]. 
The formulation is stable for at least one week at 20°C. 

40 

B) Application of the Fluorescent Whitener Solution to Paper 

The procedure described in part B) of Example 9 is repeated. The paper so obtained has a Ganz Whiteness 
of 21 3. 

45 

Example 10 

A) Dissolution of the Fluorescent Whitener 

50 The following solution formulation of the compound of formula (1) is made up: 

20 parts of the compound of formula (101); 

18 parts of polyethylene glycol having a molecular weight of 300 (PEG 300); 
15 parts of ethylene glycol; 

11 parts of urea; and 

55 1 0 parts of ethoxylated phenylphenol. 
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B) Application of the Fluorescent Whitener Solution to Paper 

The procedure described in part B) of Example 9 is repeated. The paper so obtained has a Ganz Whiteness 
of 216. 

5 The results in Examples 9 to 1 1 demonstrate the improved results which are obtained when the fluorescent 

whitener solution applied in the size press contains one or more specific auxiliaries such as a sequestering 
agent, e.g., nitriloacetic acid, a dispersing agent/emulsifier such as a polyacrylic acid. 

Example 11 

10 

A) Dissolution of Various Salts of the Fluorescent Whitener 

The the disodium salt of the compound of formula (101) is dissolved in sufficient deionised hot water to 
achieve a clear solution. 
15 In addition, the same procedure is used to produce respective solutions of: 

a) the dipotassium salt of the compound of formula (101); 

b) the diammonium salt of the compound of formula (101); 

c) the dilithium salt of the compound of formula (101); and 

d) the dimagnesium salt of the compound of formula (101); 

20 

B) Preparation of the Coating Composition 

The respective salt solutions obtained in Example 11(A) are to prepare respective coating compositions 
using the procedure described in Example 1B). 

25 

C) Application of the Coating Composition to Paper 

Commercial base paper of LWC (light weight coated) quality, having a weight per unit area of 39g/m-\ a 
content of mechanical wood pulp of 50% is coated in a Dow laboratory coater at a blade pressure of 0.46 bar, 
30 at an application consistency of 60% at pH 9.2. 

The drying is effected at 1 95 to 200°C. until the moisture content is constant at about 7% by weight, under 
standard conditions. The coating weight, after acclimatisation (23°C, 50% relative humidity), is 12.6 ± 1 Adm*. 

The Ganz Whiteness of each coated paper is determined using a Datacolor measuring device. The Ganz 
Whiteness of a control paper coated with a coating composition containing no salt of the compound of formula 
35 (101) is 27.5. 



40 
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The results are set out in the following Table: 

Table 

Salt of Compound (10n % FWA used fbased on pip n^nt***) 





0.05 


0.10 


0.20 


0.40 


0.80 


disodium 


53.1 


67.5 


74.4 


82.1 


77.0 


di potassium 


57.1 


71.4 


80.0 


76.9 


62.1 


di ammonium 


57.7 


67.6 


80.7 


79.1 


65.5 


dilichium * 


64.1 


75.6 


83.6 


87.3 


78.0 


dimagnesium ** 


50.1 


59.6 


69.6 


76.5 


74.7 



FWA denotes fluorescent whitening agent 

*The coating weight is 1 1.6 ± 0.4g/m 2 and the Ganz Whiteness of the control base paper is 
31.3. 

** The coating weight is 15.4 ± 2.2g/m 2 and the Ganz Whiteness of the control base paper 
is 28.8. 

*** The white clay and calcium carbonate pigments in the coating composition. 
Example 12 

A) Dissolution of Various Salts of the Fluorescent Whitener 

The procedure described in Example 12(A) is repeated. 

B) Preparation of the Coating Composition 

The procedure described in Example 12(B) is used to prepare respective coating compositions containing 
the disodium-, dipotassium-, diammonium-, dilithium- or dimagnesium salt of the compound of formula (*01). 

C) Application of the Coating Composition to Paper 

Commercial base paper which is free of mechanical fibre and is industrially pre-coated, having a weight 
per unit area of 77g/m 2 , is coated in a Dow laboratory coater at a blade pressure of 0.48 bar, at an application 
consistency of 60% at pH 9.2. 

The drying is effected at 195 to 200°C. until the moisture content is constant at about 7% by weight, under 
standard conditions. The coating weight, after acclimatisation (23°C, 50% relative humidity), is 9.7 ± 1g m 2 . 

The Ganz Whiteness of each coated paper is determined using a Datacolor measuring device. The Ganz 
Whiteness of a control paper coated with a coating composition containing no salt of the compound of formula 
(101) is 105.0. 
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w 



15 



20 



25 



The results are set out in the following Table: 

Table 

Salt of Compound (101) % FWA used (based on pigment ***) 

0.05 0.10 0.20 0.40 O80 



disodium 


125.7 


136.0 


142.5 


142.4 


126.3 


dipotassium 


131.1 


138.6 


140.1 


125.7 


104.9 


di ammonium 


130.9 


139.2 


138.9 


130.1 


100.6 


dilithium * 


134.1 


141.9 


145.2 


138.7 


113.2 


dimagnesium ** 


123.7 


132.3 


136.4 


139.5 


124.6 



FWA denotes fluorescent whitening agent. 



*The coating weight is 8.0 ± 0.3g/m 2 and the Ganz Whiteness of the control base paper is 
103.9. 

** The coating weight is 12.4 ± 2.8g/m 2 and the Ganz Whiteness of the control base paper 
is 103.9. 

30 *** The white clay and calcium carbonate pigments in the coating composition. 



35 Claims 



A method for the fluorescent whitening of paper comprising contacting the paper surface with a coating 
composition comprising a fluorescent whitening agent having the formula: 



40 




0) 



so 3 M S03M 

wherein M is hydrogen, an alkali metal, ammonium or magnesium; or comprising contacting the paper in 
the size press with a combination of the compound of formula (1) and an auxiliary selected from a se- 
questering agent and a dispersing agent and/or an emulsif ier. 

2. A method according to claim 1 for the fluorescent whitening of a paper surface comprising contacting the 
paper surface with a coating composition comprising a white pigment; a binder dispersion; optionally a 
water-soluble co-binder; and 0.01 to 2 % by weight, based on the weight of the pigment, of the fluorescent 
whitening agent having the formula (1). 

3. A method according to claim 1 or 2 wherein the alkali metal M is lithium, sodium or potassium. 

4. A method according to any of claims 1 to 3 wherein the pigment is an aluminium or magnesium si 'cate, 
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barium sulfate, satin white, titanium dioxide , calcium carbonate or talcum; or an organic pigment. 

5. A method according to any of claims 1 to 4 wherein the aluminium silicate is China clay or kaolin. 

6. A method according to any of claims 1 to 5 wherein the binder is a styrene/butyt acrylate or styrene/bu- 
tadiene/acrylic acid copolymer or a styrene/butadiene or polyvinylacetate rubber. 

7. A method according to any of claims 1 to 6 wherein the co-binder is a polyvinyl alcohol, either alone or in 
combination with one or more other water-soluble co-binders. 

10 8. A method according to claim 7 wherein the co-binder is a polyvinyl alcohol having a saponification level 
ranging from 40 to 100 and an average molecular weight ranging from 10,000 to 100.000. 

9. A method according to any of claims 1 to 8 wherein the coating composition contains 10 to 70% by weight 
of the pigment. 

15 

1 0. A method according to any of claims 1 to 9 wherein the binder is used in an amount to make the dry content 
of binder up to 1 to 30% by weight, based on pigment. 

11. A method according to claim 10 wherein the binder is used in an amount to make the dry content of binder 
2 0 up to 5 to 25% by weight, based on pigment. 

12. A method according to any of claims 1 to 11 wherein the amount of fluorescent white ner is calculated so 
that the fluorescent whitener is present in the coating composition in an amount of 0.01 to 2% by weight, 
based on the pigment. 

25 1 3. A method according to claim 12 wherein the amount of fluorescent whitener is calculated so that the flu- 
orescent whitener is present in the coating composition in an amount of 0.05 to 1% by weight, based on 
the pigment. 

14. A method according to claim 13 wherein the amount of fluorescent whitener is calculated so that the flu- 
30 orescent whitener is present in the coating composition in an amount of 0.05 to 0.6% by weight, based 

on the pigment. 

15. A method according to any of claims 1 to 14 wherein the fluorescent whitener is formulated as an aqueous 
dispersion and contains customary anionic or cationic and/or non-ionic emulsifiers and/or dispersing 

3 5 agents. 

16. A method according to claim 15 wherein the amount of anionic or cationic and/or non-ionic emulsifier 
and/or dispersing agent is 2 to 20% by weight, based on the pigment. 



40 



45 



17. A method according to claim 15 or 16 wherein the fluorescent whitener formulation contains 45 to 95% 
by weight of water and optionally preservatives and foam supressants. 

1 8. A method according to any of claims 1 5 to 1 7 wherein the fluorescent whitener of formula (1 ) is formulated 
as a dispersion containing 30 wt.% or higher of fluorescent whitener, and the formulation also contains 
0.01 to 1 wt.% of an anionic polysaccharide; 0.2 to 20 wt.% of a dispersing agent each based on the total 
weight of the aqueous formulation; and optionally further additives. 

19. A method according to claim 18 wherein the polysaccharide is xanthan. 

20. Amethod according to claim 15 or 16 wherein the further additives are stabilising agents; Mg/Al silicates; 
50 odour improvers; or antifreezes. 

21. A method according to any of claims 1 to 20 wherein the fluorescent whitener of formula (1) usee is a 
hydrate of formula: 

55 
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30 



45 



<^VcH=ChU >-CH=CHh( x /) .xH20<2) 




M 

S0 3 Na s °3 Na 

in which x is a number from 1 to 20. 

22. Amethod according to claim 21 wherein x is 1,3,5,7,8,9,10,11,12,13,14 or 15. 

23. Amethod according to claim 22 wherein x is 1 0,11 or 12 and the hydrate is in the platelet (p) crystal form. 

24. A method according to claim 22 wherein x is a number between 7 and 1 2 and the hydrate is in the rodlet 
(i- or j-) crystal form , or a mixture of these forms. 

15 25. Amethod according to any of claims 1 to 14 wherein thefiuorescent whitener of formula (1) is formulated 
as an aqueous solution and the solvent used is a combination of a polyethyleneglycol of molecular weight 
of 600 or higher; and propyleneglycol. 

26. Amethod according to claim 25 wherein the amount of the fluorescent whitener of formula (1) in the for- 
20 mulation ranges from 5 to 30 wt.% ; the polyethyleneglycol ranges from 10 to 50 wt% ; and the propyle- 
neglycol ranges from 10 to 35 wt.% ; each based on the total weight of the aqueous formulation. 

27. A method according to claim 26 wherein the amount of the fluorescent whitener of formula (1 ) in the for- 
mulation ranges from 10 to 25 wt.% ; the polyethyleneglycol ranges from 15 to 40 wt.% ; and the propy- 

25 leneglycol ranges from 15 to 30 wt.% ; each based on the total weight of the aqueous formulation. 

28. A method according to any of claims 1 to 27 wherein the coating composition contains one or more aux- 
iliaries which function to regulate the Theological properties of the coating composition. 

29. Amethod according to claim 28 wherein the auxiliary is carboxymethylcellulose and/or polyvinyl alcchol . 

30. A method according to any of claims 1 to 29 wherein the surface which is whitened is of paper, cardboard 
or photo pa per. 

31 A method for the fluorescent whitening of paper according to any of claims 1 and 1 5 to 30 comprising con- 
35 tacting the paper in the size press with a solution or dispersion of 0.01 to 2 % by weight, based on the 

weight of the paper, of the compound of formula (1) and 1 to 20 % by weight, based on the weight cf the 
solution or dispersion, of an auxiliary selected from a sequestering agent and a dispersing agent and/or 
an emulsifier. 

40 32. A method according to claim 31 wherein the sequestering agent is one or more of ethylenediaminetetraa- 
cetic acid, nitrilotriacetic acid, diethylenetriaminepentaacetic acid and a polyacrylic acid. 

33. A method according to claim 31 or 32 wherein the dispersing agent and/or emulsifier is a nonionic dis- 
persing agent and/or emulsifier. 

34. A method according to claim 33 wherein the nonionic dispersing agent and/or emulsifier is an ethoxyiated 
phenol. 
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